INTRODUCTION
Overall diet quality measurements have been proposed as useful tools to assess the relationship between diet and disease [1] [2] [3] . To determine diet quality, it is necessary to focus on the most important nutritional elements considered in relation to health promotion and disease prevention [4, 5] . Nutritional constructs such as dietary patterns [5] [6] [7] [8] , food variety, or nutritional diversity [4, 9] may also be applied. In current methodological approaches characterizing total diet quality, separate nutritional elements or constructs are combined into a single score [1] [2] [3] . Furthermore, the term ''energy dense'' is commonly used to control and characterize foods perceived as unhealthy and to distinguish them from more beneficial nutritional items [10] .
On the other hand, the role of oxidative stress in various chronic diseases is receiving increased attention as a result of newly identified links with chronic diseases such as atherosclerosis, obesity, and type 2 diabetes [11] . Indeed, food intake has been related to oxidative stress modulation [12, 13] , and energy restriction has been described as decreasing the levels of oxidative stress mediators [14] . Furthermore, controlling antioxidant intake has been reported to protect against oxidative damage and related inflammatory complications [15] . Thus, a high intake of vitamin C, provitamin A carotenoids, and lycopene is associated with reduced mortality [16] . Given that the concentration of single antioxidants may not reflect the total antioxidant power of food, the concept of total antioxidant capacity (TAC) was introduced [17] as a proxy to describe food quality. Additionally, dietary TAC has been suggested as a novel tool for investigating the potential healthy effects of dietary antioxidants occurring in mixed diets [18] as well as an approach to food characterization.
The objective of this study was to assess the potential relationships and associations between dietary TAC and several validated indicators of overall diet quality in young healthy adults. Indeed, a score able to summarize the dietary total antioxidant capacity is a novel and useful approach, with many potential applications in health promotion and disease prevention or treatment.
MATERIALS AND METHODS

Subjects
One hundred fifty-three Caucasian young healthy subjects were recruited to participate in the study (101 women and 52 men; mean age 20.8 6 2.7 years). Clinically healthy subjects were enrolled as previously described [19] when they had no history of disease and did not take any drug on a chronic basis. In accordance with the Declaration of Helsinki [20] , after a clear explanation of the study protocol, all subjects gave written informed consent to participate, as previously approved by the Ethics Committee of the University of Navarra (ref: 79/ 2005).
Anthropometric and Body Composition Measurements
Anthropometric measurements were carried out with the subjects barefoot, wearing only their underwear, and after an overnight fast following standardized protocols [21] . Body weight was measured to the nearest 0.1 kg by using a Tanita TBF 300 (New York, NY). Body mass index (BMI) was calculated as the body weight divided by the squared height (kg/m 2 ).
Dietary Data
Habitual diet was assessed with a semiquantitative 136-item food-frequency questionnaire (FFQ) previously validated in Spain for energy and nutrient intake [22] and subsequently applied in many further investigations involving nutritional epidemiology studies [23] [24] [25] . Each item in the questionnaire included a typical portion size. For each food item, daily food consumption was estimated after multiplying the portion size by the consumption frequency. Nutrient composition of the food items was derived from accepted Spanish food composition tables [26] .
Dietary Total Antioxidant Capacity Evaluation
The dietary TAC score was calculated by adding the individual TAC values from the ferric reducing-antioxidant power assay of each food as previously reported [27] [28] [29] [30] and was expressed as TAC in mmol/100 g of food. To assign a value to TAC-containing foods when not available in previous reports, the data for a similar food item (e.g. same botanical group) were used as a proxy. When the TAC values of cooked food were not published, TAC levels of the fresh food were used to calculate a TAC score. The mean TAC value of the foods contained in each item was used to calculate the dietary TAC score from the FFQ.
Energy Density Calculation
The dietary energy density value was defined as the ratio between daily energy intake and the daily amount of food consumed (kcal/g).
Nutritional Index Assessment
To cover a wider spectrum, several nutritional indexes were calculated regarding Mediterranean Diet, non-Mediterranean hypothesis-oriented dietary patterns, and diversity of food intake. Moreover, their association with antioxidant intake was assessed. Thus, the Mediterranean Diet Quality Index (MDQI) [31] , the Mediterranean Diet Score (MDS) [8] , the Alternate Mediterranean Diet Score (AMDS) [5] , and the Modified Mediterranean Diet Score (MMDS) [7] were calculated. Likewise, considering non-Mediterranean hypothesis-oriented dietary patterns, the Healthy Eating Index (HEI) [1] , the Alternate Healthy Eating Index (AHEI) [4] , the Diet Quality Index (DQI) [3] , the Diet Quality Index-International (DQII) [32] , and the Diet Quality Index-Revised (DQIR) [33] were also computed. Regarding dietary variety, the Recommended Food Score (RFS) [4] and the Quantitative Index for Dietary Diversity in kcal (QIDD) [9] were assessed. Detailed information to estimate these scores can be found in Table 1 and in the aforementioned references.
Statistical Analysis
To assess the relationships between the dietary TAC intake and the analyzed nutritional indexes, tests for linear trends across quintiles of dietary TAC were performed. Partial 
, where prop(j) is the proportion of food group(s) j that contributes to total energy intake, n is the number of food groups, and j 5 1,2,…,n. The food groups measured as percentage of total energy intake considered were: cereals, nuts and seeds, potatoes, sugars and confectioneries, legumes, vegetables, fruits, fish and shellfish, meats, eggs, milk and other dairy products, oils and fats, seasonings and spices, alcoholic beverages and other beverages, and processed foods and others. 
RESULTS
The sample distributed by quintiles of dietary TAC is reported in Table 2 . Although age did not vary, the sex distribution changed through the dietary TAC quintiles. Moreover, BMI decreased with higher quintiles of dietary TAC. Regarding dietary quality, Mediterranean hypothesisoriented dietary scores (MDS, AMDS, MMDS), non-Mediterranean hypothesis-oriented dietary scores (HEI, AHEI, DQII, DQIR), and diversity of food intake (RFS, QIDD-k) presented higher values through the quintiles of dietary TAC. The MDQI and DQI scores (a Mediterranean and a nonMediterranean hypothesis-oriented dietary score, respectively), whose lower scores refer to a higher diet quality, decreased with higher values of dietary TAC. Energy density appeared to decrease with higher levels of dietary TAC. Furthermore, the partial correlations between dietary TAC and diet quality measured by the previously mentioned indexes after adjusting for sex, BMI, and daily energy intake are shown (Table 3) . For all the analyzed scores, the association was statistically significant. As occurred in the quintiles analysis, the trend was positive for all indexes (higher values of dietary TAC were associated with higher scores for the diet quality indexes), apart from MDQI and DQI scores or energy density, whose values were lower when the diet quality increased. Additionally, partial correlations were carried out between dietary TAC values and food group consumption (Table 4) ; these showed positive and significant associations for vegetables, fruits, fish, nuts, and alcoholic beverages, after adjusting for sex, BMI, and daily energy intake. A similar trend was observed for low-fat dairy products, whereas cereals, baked goods (such as doughnuts or muffins), and fast food (such as hamburgers or pizzas) showed negative and significant associations after adjusting for sex, BMI, and daily energy intake.
As a means of separately evaluating the association between dietary TAC and energy density, Fig. 1 shows the contributions of each food group to energy density, which is higher in vegetable oils, animal fats, nuts, and sugars, and also to dietary TAC, which is higher in vegetables, sodas, fruits, alcoholic beverages, and nuts. 
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DISCUSSION
Oxidative stress and inflammation-related indicators have been associated with the onset and development of chronic disease [11, 34] . Thus, nail and dietary selenium have been involved in oxidative stress-related diseases in healthy adults [19, 35, 36] , which highlights the putative relationships between disease development and antioxidant intake. In this context, many studies report the ability of the dietary intake to modulate antioxidant status after the acute consumption of antioxidantrich foods [37] [38] [39] [40] . However, the lack of effect of an increased antioxidant intake on the balance between antioxidant status and oxidative stress reported in a recent study [41] could indicate a homeostatic mechanism, in which endogenous antioxidants compensate the influx of dietary antioxidants [17] .
To assess dietary antioxidant intake, researchers have described recently that an FFQ is able to determine the dietary TAC intake in different samples of subjects in a reliable manner [42, 43] . Thus, we performed similar calculations using an FFQ that had been previously validated for estimating food and nutrient intake [22] [23] [24] [25] , including settings related to inflammation and oxidative stress issues [19, 35, 36, 44, 45] . Moreover, according to our results, the TAC intake was related to such food groups as vegetables, fruits, and legumes [43] , which are among the most important contributors of dietary antioxidant nutrients or components [16] and dietary TAC values [27] . Furthermore, a recent study has suggested that dietary TAC is positively associated with plasma total antioxidant capacity [44] , suggesting that dietary TAC may constitute a useful tool in antioxidant intake assessment.
Dietary indexes are designed to estimate the diet quality by means of a single score that results from computing different components such as foods, food groups, or a combination of foods and nutrients. These scores are hypothesis-oriented food patterns and reflect known or suspected diet and disease associations [46] . All assessed food patterns share some characteristics with each other and with dietary TAC [43] , such as encouraging the consumption of high amounts of fruits and vegetables, two food groups with a recognized high content of antioxidant compounds [27] . However, nutritional indexes try to gather some diverse aspects of the diet value, which could be separated into 2 main groups: those that try to merge existing evidence and recommendations about promoting healthy and avoiding deleterious foods and nutrients (HEI, AHEI, DQI, DQII, DQIR, RFS, QIDD) and those that seek to capture the healthy aspects of the Mediterranean diet (MDQI, MDS, AMDS, MMDS). Thus, DQIR has been associated with circulating b-carotene, among other plasma antioxidants, in men [2] . In this sense, dietary TAC has been related to prediction of circulating levels of b-carotene [47] . The association between dietary TAC and Mediterranean hypothesis-oriented dietary scores could thus be explained by the assumed features of the Mediterranean dietary pattern, which combines abundant plant foods (fruits, vegetables, cereals, nuts, seeds, wine, and olive oil) with a large potential amount of active dietary antioxidants [48] . This statement is consistent with our results, where dietary TAC was higher in those food groups involving vegetables, fruits, nuts, and alcoholic beverages (considering wine and beer). The fact that dairy products (but not low-fat dairy products), baked goods, and fast food were negatively associated with dietary TAC could be because those foods with a higher antioxidant compound content are also lower in fat content. Surprisingly, cereals were negatively correlated with dietary TAC. The lack of a positive association may be because this group refers not only to whole cereals but also to refined cereal products as well as some sugar-rich baked goods. Furthermore, energy density has been defined as the amount of energy in a given weight of food [49] , so energydense foods provide higher calorie content on a weight basis than nutrient-rich foods such as vegetables and fruits [10] . Moreover, diet quality has been associated with higher nutrient Dietary Total Antioxidant Capacity and Quality intake and self-rated health in women [50] . In this sense, our results support previous findings [51] suggesting that energydense/nutrient-poor foods were consumed at the expense of nutrient-dense foods, resulting in increased risk of high energy intake, marginal micronutrient intake, poor compliance with nutrient-and food group-related dietary guidance, and low serum concentrations of vitamins and carotenoids.
The present study has some limitations that must be mentioned. It has been published that FFQs are not adequate for the assessment of the intake of fruits and vegetables (which are among the major contributors to dietary TAC) over long periods of time because of the seasonality of fruits and vegetables [52] . Moreover, FFQs have a limited number of food items, increasing the error in dietary TAC calculation because of the large differences in TAC values among foods included in the same item. Indeed, the fact that very statistically significant associations with reliable indexes have been found supports the validity of this dietary approach.
In conclusion, these data suggest that dietary TAC, as a measure of antioxidant intake, may also be a potential marker of diet quality in healthy subjects, which may have implications for research into the onset and development of chronic diseases. Thus, the applications of this novel approach to computing dietary total antioxidant capacity of foods will be useful to assess the role of antioxidant intake as a single factor in a field of increasing scientific interest such as antioxidant consumption and disease prevention or therapy.
